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Introduction
Autism spectrum disorders (ASD) are neurodevelopmental disorders characterized by impairments in social interactions, communication, and restricted, repetitive behaviors, and interests. Additionally, the phenotype may also include atypical development of response inhibition, the ability to withhold a prepotent response based on a rule (Luna et al. 2007 ). This cognitive process is subserved by a distributed functional network in which the prefrontal cortex, in particular the right inferior frontal cortex (IFC), plays a critical role (Aron and Poldrack 2005) . Neuropsychological studies do not reveal a clear picture of response inhibition performance in individuals with ASD (Ozonoff et al. 1994; Ozonoff and Strayer 1997; Geurts et al. 2004; Christ et al. 2006 ); however, functional neuroimaging studies of adults with ASD reveal atypical activation in the IFC relative to neurotypical controls despite equivalent behavioral performance between the groups (Schmitz et al. 2006; Kana et al. 2007) . Furthermore, functional connectivity MRI (fcMRI) analyses in adults with ASD revealed decreased synchronization of brain regions commonly activated during response inhibition tasks ). We do not know if reduced functional connectivity exists in children with ASD.
Connectivity has also been studied at the structural level in typically developing children and in children with ASD. Longitudinal structural studies of typical development show a number of changes including increased white matter (Giedd et al. 1996 Paus et al. 1999) in the prefrontal cortex from childhood through early adulthood. This prolonged maturation of the prefrontal cortex has been hypothesized to contribute to the ongoing development of cognitive processes, including response inhibition (Mesulam 2002) . There is also evidence suggesting that atypical white matter and functional connectivity to and from the prefrontal cortex contributes to neural and behavioral differences in ASD (Herbert, Ziegler, Deutsch, et al. 2003 Barnea-Goraly et al. 2004; Belmonte et al. 2004; Alexander et al. 2007; Ben Bashat et al. 2007; Just et al. 2007; Keller et al. 2007; Sundram et al. 2008 ; for reviews, see Belmonte et al. 2004; Courchesne et al. 2007; Mu¨ller 2007) . In particular, cross-sectional structural studies using diffusion tensor imaging (DTI) techniques in children with ASD show atypical development of white matter in the prefrontal cortex (Barnea-Goraly et al. 2004; Alexander et al. 2007; Ben Bashat et al. 2007; Keller et al. 2007; Sundram et al. 2008) , and volumetric studies have shown abnormal white matter volumes, particularly in boys (Herbert et al. , 2004 . Thus, the present fcMRI investigation of inhibition in children with ASD is motivated both by findings of reduced functional connectivity in adults with ASD during an inhibition task and evidence of a prolonged and, in the case of ASD, atypical developmental trajectory for neural structures that likely subserve inhibitory functions in the brain.
Although group average functional MRI (fMRI) data analysis can reveal differences in brain regions consistently engaged during task performance, an fcMRI analysis can reveal differences in interregional synchronization, which serves as an estimate for connectivity of these regions (Friston 1994; Rogers et al. 2007) . fcMRI analyses offer complementary information as 2 groups can show similar fMRI group maps but differences in fcMRI results. For example, a recent fcMRI study in typical adolescents and adults documented both groups engaging the same 3 functional subnetworks for a response inhibition task (parietal--premotor, fronto-striatal-thalamic, frontoparietal) , but the synchronization of the subnetworks differed between age groups (Stevens et al. 2007) .
Response inhibition lends itself to investigation of functional connectivity because it is thought to rely on a large neural network. Its neural basis includes a distributed functional network that is hypothesized to include a frontal--striatal--thalamic loop (Casey et al. 2001; Rubia et al. 2001 Rubia et al. , 2006 Bunge et al. 2002; Durston, Thomas, Worden, et al. 2002; Poldrack 2005, 2006; Booth et al. 2005; Vaidya et al. 2005; Wager et al. 2005; Stevens et al. 2007 ), which interfaces with superior and inferior parietal cortex (BA 7/39/40; superior and inferior parietal lobules; Bunge et al. 2002; Tamm et al. 2002; Booth et al. 2005; Wager et al. 2005; Stevens et al. 2007 ). Anterior regions supporting response inhibition include the IFC (BA 44/45/47), insula and dorsolateral prefrontal cortex (DLPFC; BA 9/46; midfrontal gyrus), and the presupplementary motor area (pSMA; BA 6) in medial frontal lobe. Finally, the anterior cingulate cortex (BA 32) has been reported to support successful response inhibition because this region in conjunction with the pSMA contributes to action selection (Rushworth et al. 2004) .
Three lines of converging evidence suggest that the IFC, particularly the right IFC, is an important region for successful response inhibition performance. First, fMRI data in neurotypical adults reveal that increased IFC activation correlates with better behavioral performance (Durston, Thomas, Worden, et al. 2002) . Second, patients with lesions to IFC demonstrate poorer response inhibition performance relative to patients with lesions to other frontal areas (Aron et al. 2003) . Third, diffusion-weighted imaging tractography in neurotypical adults indicates that the IFC is 1 of 3 regions required for successful response inhibition performance (Aron et al. 2007 ).
The present study seeks to explore in children the previously reported finding of decreased synchronization between the right IFC and other frontal regions (i.e., right insula and anterior cingulate) in adults with ASD . We investigated functional connectivity of IFC in schoolaged children with and without ASD during performance of a response inhibition task (Go/NoGo). Although group differences in neural activation patterns may exist, the current study focused on regions consistently activated by both groups in order to reduce the effects of individual variability. Based on previous adult findings and the importance of the IFC (Casey et al. 2001; Rubia et al. 2001 Rubia et al. , 2006 Bunge et al. 2002; Durston, Thomas, Worden, et al. 2002; Aron et al. 2003 Aron et al. , 2007 Aron and Poldrack 2005; Booth et al. 2005; Vaidya et al. 2005; Kana et al. 2007) , we predicted that children with ASD would demonstrate reduced functional connectivity between left and right IFC regions and other frontal, striatal, or parietal regions active during the Go/NoGo task. For this reason, we used a coactivation method, correlating a seed IFC region's activity with the activity from a frontal, striatal, or parietal region-ofinterest (ROI) that was derived from a group average map that combined data across diagnostic groups (Kennedy and Courchesne 2008) . The present investigation also examined whether age or intellectual functioning was linearly related to behavioral performance or functional connectivity, because not only do children have greater variability in task performance than adults, but also individuals with ASD have greater variability in neural activation compared with neurotypical controls (Mu¨ller et al. 2003; Berl et al. 2006 ).
Methods
Participants Twelve (9 males) children with ASD ages 8--12 years (M = 10.17, standard deviation [SD] = 1.57) with a mean full-scale IQ (FSIQ) in the High Average range (M = 113.33, SD = 17.33) and 12 (8 males) typically developing control children (Control) ages 8--12 years (M = 11.01, SD = 1.78) with a mean FSIQ in the High Average range (M = 114.92, SD = 10.28) matched on age, FSIQ, and gender participated in the study. Based on parent report on items from the Edinburgh Handedness Inventory (Oldfield 1971) , the ASD group had 9 right-handed and 1 lefthanded children (2 parents did not complete the measure); the Control group had 11 right-handed children (1 parent did not complete the measure). ASD diagnoses were confirmed with the Autism Diagnostic Observation Schedule (ADOS) (Lord et al. 2000) and Autism Diagnostic Interview-Revised (ADI-R) (Lord et al. 1994) , as well as clinical judgment using the DSM-IV. With the exception of one child's score on the restricted, repetitive, behavior, and interests on the ADI-R, symptom severity was above cutoff for all children on all measures (see Supplementary Materials). The Control groups did not receive diagnostic measures for ASD but were screened for developmental delays, learning disorders, psychiatric disorders, and neurological conditions through a phone interview, the Behavior Assessment System for Children (BASC; Reynolds and Kamphaus 1998) and medical/family history questionnaire. The protocol was approved by the Institutional Review Board, parents provided consent, participants provided assent prior to MRI and diagnostic sessions, and participants received monetary compensation. Additional participant information is available in Supplementary Materials.
Task Procedure
Participants completed a Go/NoGo task that consisted of 6 alternating Go and NoGo blocks, each 25 s long. Each block began with task instructions (Go blocks: ''Press for all letters''; NoGo blocks: ''Do not press for X'') followed by a consonant letter on each trial (9 trials per block). The Go blocks did not contain the letter ''X''; no letters repeated within a Go block. NoGo blocks contained the letter ''X'' for 25% of the trials (12.5% overall); no other letters but ''X'' repeated during NoGo blocks. Presentation rate was equal for Go and NoGo blocks (exposure presentation = 1000 ms; intertrial interval = 1500 ms). Stimuli were presented in e-Prime (Psychological Software Tools, Inc., Pittsburgh, PA) and viewed through a magnet compatible projector. Responses were recorded via a fiber optic button box held in the right hand. Head movement was minimized by placing small foam cushions on the sides of the subject's head as well as offering the option of a leg cushion to reduce back and neck strain or a weighted sandbag or sheet on the participant's legs.
Imaging Procedure
Functional images were acquired on a Siemens Trio 3T MRI scanner (Erlangen, Germany) using a T 2 *-sensitive gradient echo pulse sequence with the following parameters: time repetition = 2500 ms, time echo = 30 ms, 256 3 256 mm field of view, 64 3 64 acquisition matrix, and a 90 degree flip angle. Forty-two 3.7-mm thick slices were acquired descending in the transverse plane (width = 3.7 mm, gap width = 0.3 mm, effective width = 4 mm) for 122 time points (the first 2 time points were included for signal stabilization and were discarded from analysis). For each subject, 10 temporally contiguous volumes were collected in each block, resulting in a total of 120 volumes, 60 for Go blocks and 60 for NoGo blocks.
Data Analysis

Behavioral Data
For each child, 3 measures were computed: 1) errors of commissionresponding to a NoGo stimulus (''X''); 2) errors of omission-failing to respond to a Go stimulus (any letter other than ''X''); 3) median response time for Go trials in Go and NoGo blocks separately. To detect group differences, independent t-tests were conducted on errors of commission and omission. Median response times for Go trials were entered into a Block Type (Go, NoGo) 3 Group (ASD, Control) repeated measures analysis of variance (ANOVA), with Block Type as a within-subjects factor and Group as a between-subjects factor. We also conducted Pearson correlations between Age, FSIQ, and each of the behavioral measures of interest to determine whether these factors influenced response inhibition performance.
fMRI Data Preprocessing and group analyses were conducted in SPM5 (Wellcome Department of Cognitive Neurology, London, UK) implemented in Matlab (Version 7.4, Mathworks, Inc., Sherborn, MA). Images were corrected for slice time acquisition differences, realigned (estimated and resliced), and then normalized into the Montreal Neurological Institute (MNI) standard anatomical space and interpolated to 2 3 2 3 2 mm cubic voxels. Normalized image volumes were spatially smoothed using an 8-mm full width at half maximum Gaussian kernel and temporally filtered (high-pass filter: 128 s). fMRI responses were modeled by a canonical hemodynamic response function; signal related to aliased biorhythms was removed with an autoregressive model (AR[1]) during parameter estimation. For each subject, activation maps were generated using a linear contrast identifying regions showing greater activation during NoGo relative to Go blocks, with realignment parameters (x, y, z, roll, pitch, and yaw) entered as covariates. Of note, fMRI results and group differences are not presented here because those results will be submitted for publication in a separate manuscript.
Functional Connectivity
The fcMRI methods were based on a previous study of connectivity during response inhibition in adults with ASD ). We first determined a network of brain regions activated consistently during the NoGo versus Go contrast for both groups by obtaining a whole-brain activation map from a single random effects model derived from individual activation maps averaged across participants in both groups (henceforth, ''combined group''). Then, parameter estimates for significant activation clusters in frontal, striatal, and parietal regions derived from the combined group map were entered into t-tests with Group as the between-subjects factor to ensure activations did not differ by group. With the exception of the right cingulate cortex, which showed greater activation in the ASD than control group, t 22 = 2.52, P < 0.05, no other regions' activation differed significantly between groups (all other P s > 0.05; however, pSMA and right DLPFC were marginally different with the ASD group activating more than controls, 0.05 < Ps < 0.10) (see Fig. 1 ). Right cingulate cortex was excluded from the connectivity analyses as differences involving the right cingulate cortex could reflect group differences in activation (Mu¨ller 2007) .
Our response inhibition network included 10 ROIs derived from the activation clusters from the combined group map. Two of the activation clusters (left and right IFC) served as seed regions for the subsequent connectivity analyses. The remaining 8 ROIs included: left DLPFC (BA 9/46), right DLFPC (BA 9/46), bilateral pSMA (BA 6), left cingulate (BA 32), right caudate, left inferior parietal cortex (BA 40), right inferior parietal cortex (BA 40), and a second right inferior parietal cortex cluster (BA 39) (for coordinates, see Table 1 ). The pSMA was a single ROI because the cluster was medial and spanned both hemispheres equally. The ROIs were consistent with regions reported in past studies of response inhibition in typical individuals (Casey et al. 2001; Rubia et al. 2001 Rubia et al. , 2006 Bunge et al. 2002; Aron and Poldrack 2005; Booth et al. 2005; Vaidya et al. 2005; Kana et al. 2007 ). Both seed and nonseed ROIs were defined by taking the peak voxel of activation within the significant clusters from the combined group map and then drawing a sphere around the cluster; spheres varied from 4 to 12 mm based on the cluster size. ROIs were visually inspected to insure that all voxels lay inside the brain. Finally, time series data for each subject were extracted for each ROI with MarsBar (Brett et al. 2002) and individually correlated with the 2 seed regions (left IFC and right IFC).
To determine group differences, each correlation coefficient was transformed to Fisher's z' score and submitted into separate repeated measures ANOVA's for left and right IFC. The between-subjects' variable was Group (ASD vs. Control), and the within-subjects' variable was ROI seed pair (e.g., right IFC--pSMA). Then, we entered Age and FSIQ as covariates in a repeated measure analysis of covariance (ANCOVA) to examine their effects on group differences in connectivity. If Age or FSIQ influenced the ANCOVAs, we conducted follow-up correlation analyses to determine whether these influences affected groups equally. We also used spearman's rho to correlate the Fisher's z' of each ROI pair with core symptom domains from the ADI-R.
Results
Behavioral Results
Due to computer failure, behavioral data were lost on 3 participants (2 Control, 1 ASD). Additionally, the ASD group had a significant positive relationship between age and errors of commission (r = 0.71, P < 0.05), but there was no significant relationship in the Control group (r = -0.12, P = 0.74), and the difference between the correlations was significant, z r1r2 = 2.12, P < 0.05. Thus, although performance on the Go/NoGo task did not differ between ASD and Control groups, there was a significant relationship between age and the ASD group's performance not seen in the Control group. To address concerns that this age by performance correlation in the ASD group may be driven by a difference in cognitive functioning within the ASD group, we conducted a split half analysis on FSIQ and the Attention subscale from the BASC. One child in the ASD group did not have BASC data. There were no significant differences between younger (8-to 10-year-old children: FSIQ mean standard score = 107.33; Attention subscale mean T score = 64.20) and older (11-to 12-year-old children: FSIQ mean standard score = 119.33; Attention subscale mean T score = 62.50) in the ASD group (FSIQ: t 10 = 1.23, P = 0.25; Attention subscale: t 9 = 0.31, P = 0.77).
fcMRI Results: Group Differences Diagnostic groups did not differ in overall functional connectivity across correlation pairs between the left IFC seed region and all other ROIs (F 1,22 = 0.00, P = 0.99) (see Fig. 2a ). Furthermore, when we included age or FSIQ as covariates the connectivity between the left IFC seed region and all other ROIs still did not differ between diagnostic groups (Age: F 1,21 = 0.09, P = 0.76; FSIQ: F 1,21 = 0.00, P = 0.99).
Diagnostic groups did not differ in overall functional connectivity across correlation pairs between the right IFC seed region and all other ROIs (F 1,22 = 2.68, P = 0.12) (see Fig.  2b ). However, in contrast to the findings in the left IFC, when we included age as a covariate with connectivity in the right IFC, we found a trend toward group differences, with the ASD group showing reduced connectivity compared with the Control group, F 1,21 = 3.28, P = 0.08. There was no significant group by ROI interaction for the different right IFC--ROI correlation pairs (F 10,12 = 0.79, P = 0.64). Diagnostic groups did not differ in connectivity when FSIQ was included as a covariate, F 1,21 = 2.61, P = 0.12.
In order to examine whether the 1 left-handed child in the ASD group unduly influenced the fcMRI results, we reanalyzed our data excluding her. The pattern of results for the combined group map or the fcMRI results did not change when the lefthanded child was excluded (data not shown).
fcMRI Results: Correlating Right IFC with Age To examine further the relationship between functional connectivity and age, the right IFC pairs were entered into a correlation analysis. This analysis yielded significant negative relationships between age and 2 correlation pairs in the ASD group but none in the Control group. Diagnostic groups differed in the correlations between age and the 2 correlation pairs of 1) right IFC and bilateral pSMA (z r1r2 = 2.59, P < 0.01; ASD: r = -0.76, P < 0.005; Control: r = 0.22, P = 0.49) and 2) right IFC and right caudate (z r1r2 = 2.03, P < 0.05; ASD: r = -0.70, P < 0.05; Control: r = 0.09, P = 0.79), with the ASD but not the Control group demonstrating significant negative relationships (see Fig. 3a,b) . Although it may appear that an outlier in Figure 3b is significantly influencing results, the removal of the outlier does not affect the results (z r1r2 = 2.27, P < 0.05; ASD: r = -0.75, P < 0.05). The remaining correlations were not significant for either group (P s > 0.05). We probed whether the diagnostic groups differed in the number of participants at each age by conducting a diagnostic group (ASD, Control) by age (8, 9, 10, 11 12 years old) v 2 . The age distribution did not differ between groups (v 2 (1, N = 24) = 2.95, P = 0.57), which confirms that our age by correlation pair findings (e.g., age by right IFC right caudate) are not driven by a systematic difference in the ages of our diagnostic groups. To address whether the age-related correlations were driven by the age-related behavioral findings, accuracy data were entered as a covariate on a trial by trial basis for the ASD group. The pattern of results did not change (see Supplementary Materials).
fcMRI Results: Correlating Right IFC with ADI-R Scores To examine the relationship between ASD symptoms and connectivity, we correlated the ADI-R with each ROI pair. This analysis yielded significant negative relationships between ADI-R Social domain and 2 correlation pairs in the ASD group: 1) ADI-R Social and right IFC and pSMA (Spearman's rho = -0.61, P < 0.05) and 2) ADI-R Social and left IFC and pSMA (Spearman's rho = -0.65, P < 0.05). All other correlations with all other ADI-R domains were nonsignificant (P s > 0.20).
Discussion
This study probed the functional connectivity of motor response inhibition in children with and without ASD. In contrast to adult findings, the functional connectivity of response inhibition in children with ASD did not differ for the left or right IFC in comparison to matched controls. Furthermore, when accounting for FSIQ, we did not find group differences in functional connectivity. However, when accounting for age, we found evidence for reduced functional connectivity in the ASD group compared with controls for the right, but not the left, IFC. Functional connectivity decreased with age selectively for the ASD group, in particular, between the right IFC and motor planning regions (caudate and pSMA). This age-related finding in functional connectivity was not driven by differences in age or FSIQ between younger and older children in the ASD group. Furthermore, this age-related change in functional connectivity had a behavioral correlate such that older children in the ASD, but not the control, group tended to make more response inhibition errors than younger children. However, this behavioral correlate did not explain the age-related change in the functional connectivity pairings because the age by connectivity pair correlations remained significant when accuracy was partialled out of the relationship. Finally, the functional connectivity of the pSMA to the left and to the right IFC was negatively correlated with social symptoms as reported on the ADI-R.
The current findings have several implications for our understanding of the functional anatomy of ASD. First, lack of group differences in functional connectivity in the present study were observed for regions in which magnitude of activation differed marginally (e.g., pSMA; BA 6) and did not differ (e.g., left DLPFC; BA 46) between groups. This observation clarifies notions about functional connectivity in ASD to some extent. Specifically, in past studies, regions showing group differences in functional connectivity also differed in magnitude of activation between groups (Castelli et al. 2002; Just et al. 2004 Just et al. , 2007 Koshino et al. 2005 Koshino et al. , 2008 Villalobos et al. 2005; Kana et al. 2006 Kana et al. , 2007 Mason et al. 2008) . A difference in the magnitude of activation between 2 groups may bias connectivity results toward finding group differences (Mu¨ller 2007) . Although activation differences are often inevitable when comparing disordered with typically developing populations, we attempted to control for this issue by selecting ROIs equivalently activated in ASD and control children. Although 2 of the 9 regions included in the analysis were marginally different (pSMA and right DLPFC), groups did not differ in overall functional connectivity.
Second, our finding that functional connectivity changes selectively for right frontal and right frontostriatal regions across age highlights the importance of studying functional connectivity as a developmental phenomenon. Previous structural investigations using DTI techniques have generally reported decreased white matter in the corpus callosum and other white matter tracts in children and adolescents with ASD (Barnea-Goraly et al. 2004; Alexander et al. 2007; Keller et al. 2007; Sundram et al. 2008 ; but see Ben Bashat et al. 2007 ). The implications of these DTI findings are complicated by small sample size, lack of cognitive characterization, and/or variability in sample characteristics (e.g., combining low-and highfunctioning children or children and adults into one group). To the best of our knowledge, the current investigation is the first to examine functional connectivity in a well characterized, exclusively high-functioning pediatric population of ASD, and our findings suggest that age may play a role in the synchronization of frontal and frontal-striatal brain regions supporting response inhibition.
In addition, there was a developmental trend in the behavioral data. Our finding of reduced response inhibition with increasing age, however, is inconsistent with past crosssectional studies documenting improved inhibition with development of the prefrontal cortex in typical individuals (Bunge et al. 2002; . Thus, regression of response inhibition with age in ASD in the present study suggests either an anomalous developmental trajectory or a progressive deterioration of prefrontal cortex during late childhood. The results from the current investigation, however, could not distinguish between these 2 possibilities. This age observation may also relate to neuropsychological hypotheses suggesting that cognitive deficits are more visible at later ages in ASD (Griffith et al. 1999; Dawson et al. 2002; Yerys et al. 2007 ).
Third, our selective age-related findings within frontal and frontal-striatal regions also provide preliminary evidence of atypical development in the functional connectivity of proximal frontal network regions. Whereas past functional connectivity research emphasizes distal frontoparietal disruptions in ASD Just et al. 2004 Just et al. , 2007 Koshino et al. 2005 Koshino et al. , 2008 Kana et al. 2006 Kana et al. , 2007 Mason et al. 2008) , the present study's findings align with recent DTI evidence suggesting that local U-fibers connecting regions within the frontal lobes are more disrupted in children with ASD than long-range connections to posterior regions such as the superior and inferior parietal lobules (Sundram et al. 2008) . Past studies in typically developing children characterize the 8-to 12-year-age range as a period of considerable development for the prefrontal cortex, including rapid increases in white matter and decreases in gray matter (Giedd et al. 1996 Paus et al. 1999; Gogtay et al. 2004) . Therefore, assessing functional connectivity of frontal and frontal-striatal networks while participants are actively engaged in tasks drawing upon those regions, such as response inhibition, may be particularly useful for detecting subtle developmental changes. More definitive evidence will come from longitudinal investigations studying the developmental trajectory of short-range corticosubcortical connections in the frontal lobe (for a study on adults with ASD, see Turner et al. 2006) .
Fourth, the selective functional connectivity changes across age were associated with right IFC but not left IFC. This converges with past evidence implicating an increasingly specified role for the right IFC in response inhibition across development (Bunge et al. 2002; Aron and Poldrack 2005; Rubia et al. 2006) . A normative cross-sectional study of children (8--12 years old) and adults demonstrated a shift from left IFC activation during successful response inhibition performance for children to right IFC activation for adults (Bunge et al. 2002) .
The above findings are consistent with some aspects of the underconnectivity hypothesis in ASD. The underconnectivity hypothesis states that reduced interarea communication in individuals with ASD contributes to social and nonsocial phenotypic behaviors (Just et al. 2004 Koshino et al. 2005 Koshino et al. , 2008 Kana et al. 2006; Mason et al. 2008 ; but see Turner et al. 2006; Mu¨ller 2007) . The negative correlation between autism symptoms and the functional connectivity of the pSMA with both IFC seeds links poorer functional connectivity with an increase in core ASD symptoms. There was not a significant relationship between age and the Social domain symptoms (data not shown). Although this finding supports the underconnectivity hypothesis, the exploratory nature of this analysis requires confirmation in other datasets.
Whereas several studies have reported reduced functional connectivity in adults with ASD, the current study is not the first to report null findings in functional connectivity analyses (Welchew et al. 2005; Mizuno et al. 2006; Turner et al. 2006; Kennedy and Courchesne 2008) . As mentioned earlier, the preliminary DTI study of preschoolers with ASD revealed increased white matter in the prefrontal cortex, and this also argues against the underconnectivity hypothesis (Ben Bashat et al. 2007 ). One interpretation of our age-related findings within the underconnectivity theory is that reductions emerge across development in line with developmental changes to the prefrontal cortex. However, the fact that age-related changes only occurred in select pairings argues against this interpretation. An alternative interpretation could argue for progressive deterioration of connectivity from childhood into adulthood. However, this hypothesis seems unlikely as volumetric and white matter integrity abnormalities have been reported throughout childhood (Herbert et al. , 2004 BarneaGoraly et al. 2004; Alexander et al. 2007; Ben Bashat et al. 2007; Keller et al. 2007; Sundram et al. 2008) . The age-related findings reported in the present study suggest that the underconnectivity hypothesis requires additional testing in large pediatric populations to determine whether functional and structural connectivity is abnormal at early ages (0--3 years old) when social and cognitive symptoms are already prominent, unfolds later in childhood, or is a progressive deterioration.
Although the present findings point to the importance of examining functional anatomy in ASD in a developmental context, a number of limiting factors should be noted. Small sample size may have limited our ability to identify differences in activation of specific regions of the brain between the 2 groups; however, our sample size was adequate to detect a linear relationship with age and it was similar to sample sizes in past studies showing atypical functional connectivity between groups (Villalobos et al. 2005; Kana et al. 2006 Kana et al. , 2007 Turner et al. 2006; Mizuno et al. 2006 ). The present study did not systematically manipulate age, and therefore, whether the age-related findings characterize ASD in general or our sample in particular needs to be resolved in future studies. The present study also differed from the previous adult fcMRI investigation of response inhibition in ASD because the adult study included a modified Go/NoGo block with high working memory demands that only affected their ASD group's performance. Therefore, reduced functional connectivity in adults with ASD could result from the increased working memory demands in their ''1-back'' inhibition task rather than response inhibition (Koshino et al. 2005 (Koshino et al. , 2008 demonstrated reduced functional connectivity in an ASD group during working memory tasks). Finally, the current investigation recruited high-functioning children with a mean FSIQ in the High Average range, and the results reported in this investigation may not apply to low-functioning children with ASD.
There are also general limitations related to the fcMRI method used in the current study. First, the fcMRI method cannot provide information on the direction or structural nature of the connectivity-that is, the linkage may not be direct (monosynaptic). Second, the present study's functional connectivity method differs from resting state methods (Friston 1994; Greicius et al. 2008 ; for review, see Fox and Raichle 2007) , primarily because the data were influenced by task-related activity. Thus, this analysis is confined to the connectivity of IFC and brain regions specifically supporting response inhibition and may not speak to the broader functional connectivity of the IFC.
To confirm the current interpretation that connectivity decreases across age in ASD, future investigations should examine connectivity longitudinally on the same response inhibition task. Furthermore, the age-related findings reported here require future study to determine if they are characteristic of ASD or specific to the current high-functioning sample and cognitive process. Future studies of functional connectivity should recruit a large sample, tightly controlled for age, and probe connectivity of multiple cognitive processes as well as employ other imaging methodologies, such as DTI, to investigate correspondence between functional connectivity and structural development.
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